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M-BLASER: A device to study pursuit
tracking in the rhesus monkey.

Much of laser safety research addresses the determination of
ophthalmoscopic and histopathologic EDggys (effective dose with 0.5
prob:bility of observing ocular damage) in” non~human primates. These
¥Dgys combine with a safety margin to form the basis for the maximum
permissible exposure (MPE) for humans (1). Visual performance after
laser exposure is 2 separate question. A comparison of long-term
vision changes can be made by exposing the eyes of an anesthetised
animal to laser light. However, to determine the immediate effects of
lasers on vision or visual performance it is necessary to expose the
2yes of an alert animal to the laser and to measure the animal's
performance immediately after exposure. Immediate effects of laser
exposure on visual-evoked cortical potentials (2), visual acuity (3),
und contrast sensitivity (4) have been assessed. Although these
»ffecta have been measured (3,4), it is difficult to predict from this
information the effect of laser exposure on a soldier's performance in
typical military tasks such as aiming and tracking. Performance of
these tasks requires integration of visual and motor skills. Kruk et
al (%) reported that performance in a simulator correlated with both
manual tracking and visual ability. In our laboratory a tank-tracking
simulator (BLASER) was built. It is being used to study human
tracking performance in the presence of incoherent light flashes (6).
A similar paradigm for an animal model (M-BLASER) would permit us to
evaluate performance of a visuomotor tracking task after exposure to
moherent 1light.

The rhesus monkey (Macaca mulatta) is a good animal model for
visual performance studies because the visual acuity of rhesus monkeys
is similar to that of man (7,8) and the susceptibility of man and
rhesus to laser radiation is comparable (9). Rhesus can be trained to
perform pursuit tracking (10,11). 1In compensatory tracking, the
performance of rhesas is similar to human performance (12).

The  pursuit tracking paradigm we used for rhesus monkeys has two
rnaisg: firat, to examine the degree of similarity of rhesus pursuit
*racking to human pursuit tracking; second, to evaluate the effects of
t'lash on tracking performance.

The effect of flash on performance in the battlefield is
important. Various sources, such as high intensity search lights,
pyrotechnics, and laser light, may present a flash to a soldier
performing a visuomotor tracking task. The question is: Does such a
flash disrupt the soldier's tracking performance? Flash effects
consist of two components: a startle effect and visual degradation.
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The degradation of visual cues can be studied separately by occluding
the visual pathway and quantifying the resulting behavioral
B Alteration. We trained two rhesus monkeys and demonstrated effects of
' vision blocking. The paradigm was practical. Further validation of
: the paradigm can be achieved by comparing rhesus and human performance
R in M-BLASER.

DR TRATNTNG METHODS
}}3 ‘ubjects. Two male rhesus monkeys approximately five-years-old

o (weighing 8.0 and 9.8 kg) were trained.
;}} Apparztus. A standard Lehigh Valley monkey restraint chair was
- nsed. This chair was placed inside a primate cubicle with the door
removed.  The tracking device in front of the monkey was a light with
a viscous-damped moun* on a tripod. A viscous-damped mount was used
30 that kinesthetirc (13) cues would be similar to those in e military
traciing device. ™e light source was controlled by a handle which
svtended to the primate chaire A white background screen 140 cm wide
and 7 em high {471.2 mrad by 256 mrad or 27.0 deg by 14.7 deg) was
riaced 300 cn in froant of the monkey. A dark circular target moved
linearly against the white backgrouni at a constant speed of 5 mrad
per se: (0.29 deg per sec) (Fig 1). The target subtended 57.6 mrad
) {3.%3 deg). The light source overlapped the target by 15 mrad (0.86
- deg). Photodetectors at the edge of the target determined the "on-
: target” condition. The output of the photodetectors was connected
through digital interface logic to a microprocessor. The
microprocessor provided control over reinforcement in accordance with
the percent time on-target and total time on-target requirements.
Liquid reinforcement (Tang) was provided from a solenoid controlled
reservoir through a drinking tube attached to the restraint chair. A
biocking plate and sighting tube were attached to the cubicle to
restrict the field of view to being slightly larger than the
backsground screen. Tracking performance was recorded on videotape
with a camera attached to the tripod. Off-line analyais was made at
7.25-sec intervals by using a Heath H-8 microprocessor and interface
board as previously described (14). Programs for the experimental
control, data reduction, plots, and saralyses are given in the
Appendix.

Procedures. Both animals were adapted to the restraint chair.
Be«fore the sta 't of training animals were placed in the restraint
chair in the cubicle for several sessions of adaptution to this
) csperimental situation. During these adaptation sessions liquid
e reinforcement (Tang) <as provided to the animal at random intervals.
‘ ™his allowed the subject to assoniate the sound of the reinforcement
solnoid with the prasence of the reward. The animals were trained to
reasy, then move the handle with a slow uniform movement. Standard
shapiag procedures with positive reinforcement were used. At that time
the tracking stimuli were not present.

furing the next phase the animals were trained to place the
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’ aiming light over the stationary target. Discrete trials were used

- and the target was positioned randomly for each trial. When the

- subject placed the light over the target the trial was completed. The
- animal was rewarded with Tang. 1If the light was not placed over the
R target within 60 sec the trial was terminated. Twenty five trials
- were given each session. After 5 sessions the subjects werc

i successfully piacing and holding the pointer on target for 0.5 sec.
- With additional training the time on target was gradually extended to
. 10.0 sec.

Then animals were trained to track with the target moving at %
mrad per sec {0.29 deg per sec). Twenty five trials per session werc

- given. To complete the trial sucessfully the animal had to keep the
' ’ pointer on target for the required time. If the correct response was
. not obtained within 60 sec the trial was terminated. Initially the
-ff' subject was required to be on target for 3 sec. The on-target time

requirement was gradually increased over sessions to more than 20 sec.
When the animal was tracking successfully for 20 sec the vision
blocking plate, beam splitter, and Uniblitz shutter were added (Fig
- 2). Figure 3 shows typical error for an animal in the early stages of
Q training. At this point in training, reinforcement was presented
o after 4.5 sec of tracking. Figure 4 shows tracking error for an
animal in the later stages of training. For this trial, reinforcement
was presented after 21.3 sec of tracking. In Figure 4 the error
appears both reduced and smoother.
.- With the behavior established the effects of environmental
' manipulations, such as vision blocking and flash, were measured.
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Figure 1. Floor plan of experiment:  Monkey cubicle with view limited, target
with background screen.
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VISION BLOCKING DEMONSTRATION

According to Landis and Hunt (15), there seem to be two stimulus
dimensions that contribute to startle: surprise and intensity. Both
flash and vision blocking may be presented unexpectedly and therefore
have a surprise component. Both flash and reduction in illumination
have signal value (16). However they differ in intensity of
stimulation. Flash is an increase in visual stimulation. The more
intense the stimulation the more pronounced the startle reaction (15).
Vision blocking produces a decrease in visual stimulation. Thereforo
vision blocking would be expected to have less of a startle effect.

METHODS

Subject One male monkey approximately five-years-old and
weighing approximately 8.5 kg was used in this demonstration.

Apparatus The equipment was the same as described in Training
Methods. The Uniblitz shutter was used to obstruct the monkey's
vision through the vision-blocking plate.

Procedure After establishing consistent tracking performance,
the shutter was removed from the blocking plate and located
temporarily where it could not be seen. The shutter was activated
to habituate the animal to the sound of the shutter closing, first
while the animal was sitting quietly, later during pursuit tracking
trials. After adapting the animal to the sound of the shutter, it
was reinstalled.

The shutter was closed on two trials chosen at random. Af lecast
two normal trials separated the shuttered trials. During the first
two sessions the shutter was closed for 1 sec. For sessions three and
four the shutter was closed for 2 sec at a time. For sessions five
and six the shutter was closed for 3 sec.

During tracking the monkey was required to track within + 7.5
mrad (0.43 deg). Error exceeding this was defined as "off- target”.
The monkey normally tracked for more than 20 sec without going off
target. The tracking error was measured by recording both the latency
to and duration of the off-target condition. Latency is defined as
the time from the closure of the shutter until the monkey goes off
target. The duration of the off-target tracking is the time from
which tracking first exceeded the *+ 7.5 mrad error limit until
tracking returned to within the + 7.5 mrad error Iimit and was
followed by at least 6 sec of on-target tracking.

RESULTS

The values for four shuttered trials for each of the vision
blocking times are presented in Table 1. For the 1-sec shuttered
trials, the monkey only went off target on the first trial. The
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Table 1. LATENCY AND DURATION OF OFF TARGET ERROR

LA o e Callaaabii-miar iy o

i ol g o Sl e e v e i ¥ e J ""’TTT"’

|

1-SEC VISION BLOCK

2-SEC VISION BLCCK 3 SEC VISION BLOCK

Latency Duration Latency Duration Latency Duration
c.77 2.2% * 0 * 0
* 0 * 0 3.24 1.08
* 0 1.1 1.55 0.48 5.19
* 0 1.44 2.16 2.88 1.80

* indicates did not go off target

monk~y went off target after the shutter had been closed for 0.77 sec.
Uamplies of tracking with vision blocked for each time are given in
“igure 5. T1f the monkey merely stopped tracking, the mathematically
2xpe~ted time until he goes off target is 1.5 sec. The median time to
Fo oft targel for the 3 sec vision blocking was 2.49 seconds which is

'urger “han the expected 1.5 sec, but this difference was not
sieni“icant (p>.05).
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COMMENT

A paradigm for training monkeys to perform pursuit trucking
allowed evaluation of the effect of manipulations such as flash {17)
and vision blocking. In vision blocking the visual cues are removed
but the kinesthetic cues remain intact. With vision blocking there is
no observable startle effect in either behavior or tracking. However
flash can produce startle {15,17). Thus the effects of flash and
vision blocking may differ.

The data from our demonstration monkey suggest that vision
blocking produced 1little or no startle effect. Extrapolating
information obtained from vision blocking, either total or foveal, to
predict the effects of flash may not be appropriate.

CONCLUSION

These data illustrate the practicability of using the
experimental paradigm.

RECOMMENDATION

Further validation of M-BLASER could be achieved by comparison of
human and rhesus pursuit tracking in the same paradigm.
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digit3.bas 23-Aug-84 Page 1t

10 REM SRR SRt inionuunionastanioaaducnannasntnsgananeinanns

20 REM DIGIT3.BAS

30 REM REV 23 AUG 84

40 REM VICTOR J. PRIBYL

50 :

60 REM FOR USE WITH HEATH H-8, BASIC-80 4,7,HDOS 1.5

70 REM #EO000uasnssiaunnnnstnsonsssnnnsnnnnnssnosnosnssnesnssy
80 :

90 :

100 DIM IX(400),IY(400),I5(400)

110 LINE INPUT "NAME OF OUTPUT FILE?"; F$

120 INPUT "FOR CONTINUOUS DISPLAY TYPE 1";CO

130 :

140 :

150 REM ~==> INITIALIZE 8253, IC200 (SYNCH. SEPARATOR/X-WINDOW)
160 :

170 OUT 19,18:0UT 19,82:0UT 19, 146

180 :

190 ¢

200 REM —---> SYNCH WINDOW (2MHZ CLK)

210

220 OUT 16,140

230 :

240

250 REM —===> X-WINDOW

260 :

270 OUT 17,1

280 :

290 :

300 REM —a=d> X-WINDOW

310 :

320 OUT18,34

330 :

340 ¢

350 REM ——--=> INITIALIZE 8253, IC201 (Y-WINDOW/YCOUNTER)
360 ¢

370 OUT 11,18:0UT 11,82:0UT 11,148

380 :

390 :

400 REM -—-=>  Y-DELAY

410

420 OUT 8,25

430

440

450 REM ——==> REM Y-WINDOW

460 :

470 OUT 9,225

480 :

490

500 REM «—=-=> REM Y- COUNTER

510 :

520 OUT 10,255 .
530 :

5U0

550 REM ~—-=> GROUP A:=MODE?!, STROBED INPUT

560 REM ==-=> GROUP B:=:MODE 0, PORT B OUT, PORT C IN
570

oy T e,
Ce'e »t e .

- . - * - . *
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digit3,bas 23~Aug-84
580 OUT 3,185

590 :

600 :

610 REM ——==> SET PC2 TO CLEAR IC217

620 :

630 OUT 3,5:0UT 2,4

610

650

560 REM -——-> SET PC5 TO ENABLE IBF OUTPUT
670

680 QUT 3,11

690 :

700 :

710 REM aw-s> OPTICN INPUT LOOP 2

720 REM wmen> CLEAR IC217

737

T40 OUT 1,0:0UT 1,1

750

T€0 -

770 REM weea> DATA LOGP

780

790 FOR I=1 TO 300

800 IY(I)=INP{10):IS(I)=INP(2):IX(I)=L®(IS AND 192)+INP(0)
810 M=0: [F(IS(ILIST

820 J=71.3

830 IF (IS(I) AND 32)=0 THEN PRINT "NO TARGET"
B40 IF CO<>1 THEN GOTO 890

850 IF (IS(I) AND 32)=0 THEN IY(1)=IY(J)

860 IF CO<>1 THEN GOTO 890

873 PRINT IX(I),IY(I),M,T

880 GOTN 900

890 PRINT IY(I),M

900 NEXT I

910 IF COz1 THEN GOTO 710

920 OPEN "O",01,F$

93C FOR I=1 TO 300

40 M=z0:IF (IS(I) AND 2)=0 THEM M=?

950 IF (IS(1) AND 2)=z1 THEN M=1

960 J=I-1

970 IF (IS(I) AND 32) =0 THEN PRINT "NO TARGET"
980 IF (IS(I) AND 32)=0 THEN IY(I)=IYWJ)

990 IX(1):=M

1000 PRINT IX(I),IY(I),M,I
1010 PRINT #1,IX(I),IY(I)
102G NEXT I

1030 CLOSE

1040 END

Page

2
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plot2.bas 23-Aug-84  Page 1

10 REM GRS SRR UaRAIcRIRACNaBRNBRRORNEnnRIaRASRRcERENSINNENERORERD

20

REM plotmt.bas

REM rev 23 aug B4
REM Victor J. Pribyl
RENUM

60 REM FOR USE WITH HEATH H-8, BASIC-80 1.7, AND HDOS 1.5

350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570

“.

-0 - RS
WPRRAL VO

PP
-

REM SO0 SUSERINUeRiRUsOintiantnRRaniannianannananisissncsaspasasnes
REM

REM: WRITTEN SEPTEMBER 13,1982 BY VICTOR PRIBYL

ﬁEH: «==<> INITIALIZING STATEMENTS

bXH M(300),1Y(300),JX(17),JY(17),XER(300), JFLASH(40)
28="04000 28007

YS=V00RN0E0 FRRUR RERCENT BRURG BRRCGCH QRNCH QRRRRER QR2RE RRRCEG0D Q80E

TRIAL=)

PRINT "LP: AND HP: MUST BE LOADED"
GOTO 230

OPEN “O",#3,"HP:"

OPEN "O",#2,"LP:"

CLOSE

REM=--~=>  POPULATE AXES

FOR I=1 TO 17: READ JX(I),JY(I):NEXT I

DATA 100, 1428,0, 1428,0, 4285, 100, 4285

DATA 0,2857,3000,2857,5999, 2857, 9999, 2857
DATA 100,5714,0,5714,0,7142,0, 8570, 100, 8570
DATA 0,7142,3000,7142,5999,7142,9999, 7142

REM: ~—==> INPUT FILENAME, ZERO VALUES, VALUE FOR 15 MR.
LINE INPUT “WHAT IS THE NAME OF THE DATA FILE?";F$

OPEN "I",¥1,F$

CLOSE

INPUT "WHAT IS THE VALUE OF ZERO (CENTERED)?";ZERO

INPUT "WHAT IS THE VALUE OF 15 MILLIRADIANS?";XMR

REM: ——==> 15 MILLIRADIANS = 1 INCH; 3 SECONDS = 1 INCH
PL=0
INPUT "TO PLOT DATA TYPE 1";PL

INPUT "FOR SHUTTER TRIAL TYPE 1";SH

&EH: ~=-==>  PLOT AXES

OPEN "O",#3,"HP:"

IF PLOY THEN GOTO 670

IF TRIAL-1 GOTO 610

PRINT #3, "PLTL"

FOR I=1 TO 4:PRINT #3,USING Z$;JX(I),JY(T):NEXT I
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16~=Pribyl
plot2.bas 23-Aug-84 Page 2
580 PRINT #3," PLTT":PRINT #3,"PLTL"
590 FOR I=5 TO 8:PRINT #3,USING 2$;JX(I),JY(I):NEXT I
600 PRINT #3," PLTT"

610 IF TRIAL-2 GOTO 670
620 PRINT @3,"PLTL"

S 630 FOR I=9 TO 13:PRINT #3,USING Z$3JX(I),JY(T):NEXT I
). 640 PRINT #3," PLTT"™:PRINT #3,"PLTL"
o 650 FOR I='4 TO 17: PRINT #3,USING Z$;JX(I),JY(I):NEXT I
660 PRINT #3," PLTT"
670 : .
680 :
990 REM: ——-->  INPUT, TRANSFORM, PLOT AND PRINT DATA
700 :
710 T=TRIAL

720 IF T=) THEN K=2857
730 IF T=2 THEN K=T142
g 740 PRINT "K:=",K
i 750 OPEN "1I",41,F$
760 PRINT #3,"PLTL"
T70 J=0
780 FOR I=' 7O 300
790 INPUT 1 ,M(1),IY(D)
800 PRINT (1),I1Y(I)
810 TIME -=1%333,3/10
820 RLS=(IY(I)~2ERO)/XMR®1428,54K
820 1F PL<>' THEN GOTO 870
840 IF M(1)=0 THEN J=J+1
850 IF M(I)=0 THEN JFLASH(J)=I
860 PRINT #3,USING Z$;INT(TIME),INT(RMS)
. 870 NEXT I
-~ 880 PRINT #3," PLTT"
_ 890 IF J=0 THEN GOTO 1050
P 900 IF SH<1 THEN GOTO 360
- 910 PRINT 23,"PLTL"
- 920 TIME =JFLASH(J)®333,3/10
930 PRINT #3,USING Z$;INT(TIME);INT(K+250)
940 PRINT #3,USING 2$;INT(TIME); INT(K~-250)
9%0 PRINT #3," PLTT"
.< 960 PRINT #3,"PLTL"
: 970 TIME =JFLASH(1)#333,3/10
B 980 PRINT #3,USING Z$;INT(TIME): INT(K+250)
S 99G PRINT A3,USING Z$; INT(TIME); INT(K-250)

1000 PRINT 43," PLTT"
1019
102C
[ ) 1033 REM: —~=> OPTICN TU PRINT RAW DATA
: 1040

P19 [NPUT "TO PRINT RAW DATA TYPE 1";PP
1060 IF PR<>! THEN 4ITO 1157
1077 JPEN "O" 02, vLp:"
1280 FOR 1.1 TO 60 .

.. 139N Jz1 460 .

: 1100 K=14120

1310 L=[+180

o 1120 M=L+240
1170 PRINT #2,USING Y$:1,1¥(D),J,1Y(J) K, TY(K), L TY(L), M, IY(M)
1140 NEXT T




SN
AR

'

plot2.bas

1150

1160 :

1170
1180
1190
1200
1210
1220
1230

1240 =

1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620

CLOSE

REM: ---=> STATISTICAL ANALYSES
INPUT "START WITH WITH SECOND?";START
INPUT "WHAT IS LAST SECOND?";X2
START=10%(START=1)+1

X2:10%x2

23-Aug-84 Page 3

REM: ~=--> COMPUTE POSITION IN MILLIRADIANS

J=0

TER:=0

TSQ=0

FOR I=START TO X2
XER(I)=(IY(I)-ZERQ)®15/XMR
Jzd +1

TER:=TERXER(I)
TSQ=TSQ+XER(I)®XER(I)

GOTO 1380

PRINT "L=";T,"XER(I)=";XER(I),"J=";J,"IY(I)=";IY(I),"TER=";TER,"TSQ=";TSQ

NEXT I

PRINT "TER=";TER,"J=";J

CP=TER/J

TSQ=ABS(TSQ)

RMS=SQR(TSQ/J)

TER=0

J=0

FOR I=START TO X2

JzJ+1
TER=TER+(XER(I)-CP)*(XER(I)-CP)
NEXT I

SD=SQR(TER/J)

PRINT "CPz ";CP,"RMS=";RMS,"SD=";3D
AL=z0

INPUT "FOR ANOTHER ANALYSIS TYPE 1";AL
IF AL=1 THEN GOTO 1180

REM: OPTION FOR SECOND TRIAL

IF TRIAL=2 THEN STOP

INPUT"FOR SECOND TRIAL TYPE 2.";TRIAL
IF TRIAL<>2 THEN STCP

GOTO 350

END

. . .
et P T

. - LT - . -
PRI TR R T

- e e L R <
TS R W DTN D ; it

. S ot S uAR o W uni Bnd g i '.TT';'T‘T'T‘

Pribyl--7

P A SR A
e e N T e




0
20
30
40
50

70
80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
230
290
300
310
320
325
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
420
490
500
510
520
530
540
550
560
570
580

O
Py
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REM RERSsauuennusionnditianitsiisnnnussnsiasaiivasnonaneens

REM TRACK1.BAS

REM REV 23 AUG 84

REM VICTOR PRIBYL

REM

REH FOR USE WITH HEATH H-8, BASIC-80. AND CP/M 1. 43
REM RO Ratosansnasonapuncuioainneensiosinansnsnsunssnnsne
REM

REM -—--> INITIALIZE REINFORCEMENT

REM

OUT 24,255

REM ----> [INITIALIZE OPERATING VALUES

REM

DEFINT I-N

PRINT "TYPE MUMBER OF SECONDS "
INPUT SIZE

SIZE = SIZE * 10.8696

NSIZE = SIZE

DIM JRAY(NSIZE)

PRINT "type percent time on target"
INPUT M

L=(NSIZE *M)/100

PRINT "TARGET SCORE =",L

PRINT "ready-cr to proceed;22 to stop”
INPUT B

IF B=22 GOTO 570

NTOT =0

FOR I=V TO NSIZE

JRAY(I)=0

NEXT I

I=0

REM ----> LOOP TO INPUT ON TARGET INFORMATION
REM

IA=INP(16)

TA=(IA AND 1)

I=1+1

IF IDNSIZE THEN PRINT "i=",I,"ntot=" NTOT
IF IDNSIZE THEN I=I-NSIZE

NTOT =NTOT-JRAY(I)

JRAY(1)=IA

NTOT=NTOT+JRAY(T)

PRINT "I=";1 "IA=";IA "NTOT=";NTOT
IF NTOT-L GOTO 430

IF NTOT>L GOTO 480

GOTO 330

REM

REM ----> CONTROLS RETMFORCEMEMT
REM

QuT 24,0

PRINT "REINF ON®

FOR I=1 TO 500

1=242

HEXT 1

PRINT "REINF OFF"

PRINT NTOT

OUT 24,2%%

GOTO 240

STOP

END
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